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Abstract 

The International Space Station (ISS) program utilizes a plasma 
environment forecast for estimating electrical charging hazards for 
crews during extravehicular activity (EVA) [Koontz et at., 2012). The 
process uses ionospheric electron density (Ne) and temperature (Te) 
measurements from the ISS Floating Potential Measurement Unit 
(FPMU) instrument suite with the assumption that the plasma 
conditions will remain constant for one to fourteen days with a low 
probability for a space weather event which would significantly 
change the environment before an EVA. FPMU data is typically not 
available during EVA's, therefore, the most recent FPMU data available 
for characterizing the state of the ionosphere during EVA is typically a 
day or two before the start of an EVA or after the EVA has been 
completed. 

Three near real time space weather tools under development for ISS 
applications are described here including: 

(a) Ne from ground based ionosonde measurements of foF2 

(b) Ne from near real time satellite radio occultation measurements 
of electron density profiles 

(c) Ne, Te from a physics based ionosphere model 

These applications are used to characterize the ISS space plasma 
environment during EVA periods when FPMU data is not available, 
monitor for large changes in ionosphere density that could render the 
ionosphere forecast and plasma hazard assessment invalid, and 
validate the "persistence of conditions" forecast assumption. In 
addition, the tools are useful for providing space environment input to 
science payloads on ISS and anomaly investigations during periods the 
FPMU is not operating. 



Floating Potential Measurement Unit (FPMU) 


Ionosonde Electron Density Tools 
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(a) Stations providing real time data (b) Local solar time and latitude coverage 

NOAA Space Weather Prediction Center provides near real time ionosphere parameters from 
ionosonde stations distributed over a wide range of geographic locations. We use the F2-region 
foF2 and hmF2 parameters to update local solar time plots of NmF2 showing records from the 
current day, the current month, and the previous month to monitor for changes in the current F2- 
region peak electron density compared to recent history. Time resolution from different sites vary 
from 5 minutes to 60 minutes and the files are updated two times an hour. 





Plasma Hazard Evaluation for EVA Safety 

Electric potentials on the ISS structure relative to the plasma background vary over an orbit due to the combined effects of inductive electric fields due to the motion of the vehicle 
across the geomagnetic field and current collection by the 160-volt solar array power system. Charge distributions due to these potentials represent a possible catastrophic hazard 
to crew safety during EVA. Flazards are mitigated operational by two Plasma Contactor Units UPCU) which dissipate the excess electrical charge. Two PCU's provide two redundant 
controls but a third control is required to meet NASA two-fault tolerant safety requirements to mitigate potentially catastrophic hazards in case one of the PCU's should fail. The 
third control has traditionally been provided by an emergency solar array shut down process of all eight ISS 160 V arrays which stops the contribution of solar array current collection 
to the charging process followed by reactivation of only two arrays allowing the EVA to proceed, albeit at reduced ISS power levels [Koontz eta!., 2012, 2013). 


A modified version of the hazard control process is now used by the ISS program that allows more than two arrays to be used following a PCU failure when conditions in the 
ionosphere are such that reduced charging is expected from solar interaction with the ambient plasma. FPMU Ne and Te values are compared to output from an empirical 
ionosphere variability model [Minow, 2004] to determine if the current state of ionosphere relative to the IRI-2001 model is best represented as a +/-2cr, +/-lo, or 0a (nominal) 
environment . The statistical model output is then used as input to an ISS charging code to determine what solar array configurations will allow an EVA to continue without violating 
a -45.5 volt charging safety limit established for EVA [Koontz et at., 2012). The ISS Program is now considering options to eliminate use of the PCU's and extending the Ne, Te 
predictions to 14-days by using FPMU measurements two weeks in advance of an EVA and assuming the ionosphere does not change sufficiently to impact the charging based on a 
"persistence of conditions" forecast assumption. The space weather tools we show here are being developed for use in documenting the state of the plasma environments during 
EVA periods when FPMU data is not available and for monitoring for changes in the environment that would invalidate the plasma hazard forecasts. 



[Minow, 2004] 



COSMIC Electron Density Tool 

Between 500 and 1000 GPS radio occultation measurements are obtained every day from the COSMIC/FORMOSAT-3 constellation over 
a wide range of latitudes and longitudes. Ground based processing at the COSMIC Data Analysis and Archival Center (CDAAC) produces 
altitude profiles of electron density Ne(z) that are available to the ionospheric physics community both as near real time data products 
and as historical records. The COSMIC Electron Density Tool extracts the electron density at the mean ISS altitude Ne(z) from the 
profiles and uses them to generate an electron density "surface" from which the electron density along the ISS orbit Ne(s) is extracted. 



We first show an example of Ne(s) retrieval along the ISS orbit for GMT 2013/110 using the technique. Both COSMIC (1135 profiles) 
and FPMU data (52,015 records) are used to generate the Ne surface at the mean ISS altitude of 416 km. Distribution of data is first 
shown in (a) geographic coordinates and then in (b) local solar time (LST)-latitude along with a reconstructed Ne surface for each case. 
Ne(s) is extracted from the LST-latitude surface which best orders the Ne data relative to the ISS orbit. A comparison of (c) retrieved Ne 
values with FPMU Ne measurements show a good agreement with some discrepancies in the morning (3 hr < LST < 7 hr) and early 
night (16 hr < LST < 22 hr) sectors. 



required by FPMU operations. 

Next, two examples are presented comparing Ne(s) retrieval along the ISS orbit when FPMU data is not available due to EVA activity. 
US EVA 21 on GMT 2013/131 was a 5 hour, 30 minute EVA conducted on 11 May 2013 to repair components of a leaking ammonia 
cooling system. FPMU data is missing starting 08:16 UT until 20:52 UT because cameras supporting the EVA were tasked with higher 
priority than FPMU downlink. Retrieved Ne values are first shown using both COSMIC (774 profiles) and FPMU (29,341 records) data 
to generate the Ne surface at the mean ISS altitude of 420 km. Finally, only COSMIC data is used to generate the retrieved Ne values. 


Ne retrieval using both COSMIC and 
FPMU data. The green bar indicates the 
period FPMU data is missing. EVA 21 was 
a subset of this period starting at 12:44 
UT and ending 18:14 UT. 


Ne retrieval using only COSMIC data. 
Reconstructed Ne is better when both 
COSMIC and FPMU data is used although 
COSMIC only results still bound Ne at the 
highest values. Discrepancies at low Ne 
values are more pronounced without the 
FPMU data to constrain the density along 



Coupled Thermosphere Ionosphere Plasmasphere Electrodynamics (CTIPe) Model 
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(a) N e at 400 km 

(b) NmF2 


GSFC's Community Coordinated Modeling Center (CCMC) runs a real time version of the CTIPe model (CTIPe-RT), providing 
updated ionospheric parameters of interest to spacecraft operators every ten minutes. The maps of (a) Ne and (b) NmF2 at 400 
km altitude shown here are useful for comparing the differences between the FlmF2 density reported by the ionosonde 

Nov 2013). 



CTIPe output tailored to specific spacecraft orbits is also available from CCMC. The examples here include (c) electron and ion 
temperatures and (d) density of electrons, protons, and atomic oxygen along the ISS orbit. CTIPe-RT graphical products are 
generated from the output text files which are also archived and available to users. Text files are created once every 10 minutes, 
covering a 90-minute period with records at 5-second time intervals. 

-70 min < T+0 ► +20 min 

Records range from -70 minutes to +20 minutes -70 min •< T+10 »+20 min 

from file epoch -70- min T+20 ► +20 min 



CTIPe-RT model output is compared to FPMU data to determine how reliable the model is for providing real time data. 



or when FPMU downlink is dropped for higher video priority operations such as the extensive camera coverage required to 
support an EVA. This example from 2010 is the gap in FPMU data during a Russian EVA. 
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